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Introduction
Selenocysteine (Sec) is a rare amino acid found in several proteins from various domains of life (Low and Berry, 1996; Stadtman, 1996; Rother et al., 2001a; Hatfield and Gladyshev, 2002) . It is inserted into protein co-translationally in response to the codon UGA and the specific Sec insertion machinely. The Sec insertion machinery includes a cis-acting mRNA structure, designated the Sec insertion sequence (SECIS) element, and the trans-acting factors Sec tRNA, selenophosphate synthetase, Sec synthase, Secspecific elongation factor and a SECIS-binding protein.
Sec-containing proteins have been identified in bacteria, archaea and eukaryotes, and the universal use of UGA to designate Sec in these organisms suggests a common origin of the Sec insertion system (Gladyshev and Kryukov, 2001 ). However, besides selenophosphate synthetase, which is involved in Sec biosynthesis (Stadtman, 1996) , there is no overlap between the sets of prokaryotic and eukaryotic selenoproteins. Moreover, selenoproteins in prokaryotes are typically involved in catabolic processes, whereas eukaryotes employ selenoproteins for biosynthetic and antioxidant processes.
Details of Sec evolution are scarce and largely unclear (Atkins et al., 1999; Gladyshev and Kryukov, 2001 ). For example, while all currently known eukaryotic selenoproteins are of animal origin, no selenoproteins have been described in non-animal eukaryotes. Moreover, when genomes of the plant AmbiLEop~is thaliana and the yeast Saccharomyce.\ cerevisiae were sequenced, their analysis revealed neither selenoprotein genes nor any of the components of the Sec insertion pathway. This lack of Sec-containing proteins contrasts with the essential role of selenoproteins in animals and bacteria (reviewed in Low and Berry, 1996; Stadtman, 1996) . For example, disruption of the Sec tRNA gene in mice results in an inability to synthesize selenoproteins and embryonic lethality (Bosl et al., 1997) , and mutation in a fruit fly gene for selenophosphate synthetase is also lethal (Serras et al., 2001) . Sec-containing proteins are essential for Escherichia coli when grown under anaerobic conditions (Bock et al., 1991) .
Characterization of Sec-containing proteins and Sec insertion systems in non-animal eukaryotes may elucidate these seemingly contradictory observations in Sec evolution and its essential requirement for some organisms. One report described the presence of a possible Sec-containing glutathione peroxidase I (GPxl) in a model plant system, Chlamydomonas reinhardtii (Shigeoka et al., 1991) . This protein was isolated directly from green algae, reacted with antibodies raised against mammalian GPxl and found to contain a stoichiometric amount of selenium. It was not clear whether Sec was present in the protein as no protein or nucleotide sequences were reported for Chlamydomonas GPx I.
In this report, we identified and characterized selenoproteins in C.reinhardtii. Remarkably, this organism contains at least 10 natural selenoproteins, including one that is specific to green algae. We also report the identification of Sec tRNA and the finding that Chlamydomonas requires selenium for optimal growth. These data are discussed with respect to evolutionary events that led to the accumulation and loss of the Sec insertion system in eukaryotes.
